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(54) Spark plug for internal combustion engine 

(57) In a spark plug (r), a center electrode (17) is 
fixedly held in an axial bore (3) of an insulator (2). The 
center electrode (17) terminates in a free end surface 
(17a) of a smaller diameter. A discharge chip (12) made 
of a molten alloy has been joined to the free end surface 
(17a). The molten alloy is composed of 99 to 80 wt.7o of 
Ir and 1 to 20 wt.% of Pt. The center electrode (17). a 
ground electrode (20) and a discharge chip (13). which 
is joined to a free end surface (20a) of the ground elec- 
trode (20) and is located opposite the discharge chip 
(12), can all be made of the molten alloy 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

This invention relates to a spark plug to be mounted 
on an internal combustion engine, especially to elec- 
trodes of the spark plug. 

b) Description of the Related Art 

As electrodes of a spark plug to be mounted on an 
internal combustion engine, those made of an alloy 
composed of 85 to 70 wt.% of Pt and 1 5 to 30 wt.% of Ir 
have been practically used to reduce the consumption 
(wear) of the electrodes through repetitions of a spark 
discharge to an air-fuel mixture in a combustion cham- 
ber of the internal combustion engine and hence to 
improve its durability [Japanese Patent Publication 
(Kokoku) No. HEI 2-58756]. With a view to achieving 
further improvements in the durability by minimizing the 
consumption of a center electrode through repetitions of 
a spark discharge, many electrodes made of Ir or sin- 
tered lr-Y203 alloys have also been proposed and actu- 
ally used. 

During use in an ordinary internal combustion 
engine, the temperature of an insulator-supported 
center electrode, for example, at its central free end 
remains around about BOO^'C. When the electrode is 
made as in the conventional art, namely, is made of an 
alloy composed of 85 to 70 wt.% of Pt and 1 5 to 30 wt.% 
of Ir as disclosed in Japanese Patent Publication 
(Kokoku) No. HEI 2-58756 or is made of Ir or a sintered 
lr-Y203 alloy, the consumption of the center electrode 
through repetitions of a spark discharge can be reduced 
because the alloy material making up the center elec- 
trode contains a great deal of Ir which has excellent 
spark consumption resistance in the temperature range 
of the central free end of the center electrode. Keeping 
in step with the recent move toward a higher power out- 
put in internal combustion engines, more heat may how- 
ever be produced as a result of combustion of an air-fuel 
mixture in a combustion chamber of an internal com- 
bustion engine. The temperature of the center electrode 
at the central free end thereof exposed in the combus- 
tion chamber therefore rises considerably. When the 
temperature becomes as high as about SSO'^C or higher, 
the volatility of IrOa which is formed on the center elec- 
trode as a result of repetitions of a spark discharge 
becomes significantly higher than that of PtOg formed 
likewise on the center electrode. In the high temperature 
range that the temperature of the center electrode is 
850**C and higher at the central free end thereof, vapor- 
ization of IrOa is more dominant than that of Pt or an 
alloy composed of 80 wt.% of Pt and 20 wt.% of Ir so 
that the spark consumption resistance of the center 
electrode is conversely reduced and the durability of the 
center electrode is also lowered. 



To cope with the above-mentioned problem, it has 
also been proposed to sinter Ir powder or Ir-Pt mixed 
powder and to use the sintered product as a discharge 
electrode of a center electrode [Japanese Patent Appli- 

5 cations Uid-Open (Kokai) Nos. SHO 61-88479 and 
SHO 63-257193, etc,]. In a discharge electrode formed 
by sintering as desaibed above. Ir and Pt are however 
not alloyed in a uniformly distributed form as illustrated 
in FIG. 4. As a result. Ir-only portions and Pt-only por- 

70 tions are localized in the discharge electrode. In the 
high temperature range of 850°C and higher at the cen- 
tral free end of the center electrode, more dominant 
vaporization of IrOa formed through repetitions of a 
spark discharge takes place compared with vaporiza- 

75 tion of Pt02 formed from Pt or a Pt alloy. This results in 
nonuniform consumption of the electrode by sparks, 
leaving only porous Pt behind. There is accordingly a 
problem that the durability required for electrodes or the 
like cannot be sufficiently assured. 

so 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to 
improve the above-described problems of the conven- 
25 tional electrodes, more specifically to improve the spark 
consunption resistance of electrodes through repeti- 
tions of a spark discharge therebetween by a simple but 
ingenious approach so that a spark plug improved fully 
in durability can be provided for use in an interna! com- 

30 bustion engine. 

In one aspect of the present invention, there is thus 
provided a spark plug for an internal combustion 
engine. At least one of an insulated sparking portion 
and a grounded sparking portion, which define a spark 

35 gap therebetween, is made of a molten alloy composed 
of (a) 99 to 80 wt% of Ir and (b) 1 to 20 wt.% of Pt. 

The insulated sparking portion and the grounded 
sparking portion may be a center electrode and a 
ground electrode, respectively. As an alternative, the 

40 insulated sparking portion and the grounded sparking 
portion may be a discharge chip attached to a free end 
of a center electrode and a discharge chip attached to a 
free end of a ground electrode, respectively. 

Owing to the above-described features, the spark 

45 plug according to the present invention has excellent 
advantages. The spark consumption takes place evenly 
and moreover, slowly through repetitions of a spark dis- 
charge to an air-fuel mixture. The spark consumption of 
the insulated sparking portion and/or the grounded 

so sparking portion can therefore be surely reduced, 
thereby assuring ignition of the air-fuel mixture. Further, 
this reduction in the spark consumption can significantly 
improve the durability of the spark plug itself. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross-sectional view of a spark 
plug according to a first embodiment of the present 
invention for an internal combustion engine; 
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FIG. 2 is an enlarged, fragmentary, cross-sectional 
view of a spark plug according to a second embod- 
iment of the present invention for an internal com- 
bustion engine; 

FIG. 3 diagrammatically shows the results of a 5 
measurement of increases (mm) in spark gap by 
spark consumption (i.e., wearing of electrodes 
through repetitions of a spark discharge) as a func- 
tion of the content (wt.%) of Ft in full-power durabil- 
ity tests (400 hours; equivalent to about 60,000 km io 
driven distance) in which the temperatures of 
center electrodes at their central free ends were set 
at 800°C and 900**C, respectively; and 
FIG. 4 illustrates the mechanism of a spark con- 
sumption in a conventional sintered alloy of Pt-lr is 
powder. 

DETAILED DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENTS 

20 

Upon practicing the present invention, at least one 
of the insulated and grounded sparking portions defin- 
ing the spark gap therebetween, for example, the cenXer 
and ground electrodes or the discharge chips attached 
to the free ends of the center and ground electrodes are 25 
formed by a molten alloy composed of (a) 99 to 80 wt.% 
of Ir and (b) 1 to 20 wt.% of Pt. Different from a sintered 
alloy of Ir and Pt. Ir and Pt are alloyed in an evenly dis- 
tributed form without localization of Ir or Pt in the elec- 
trodes or discharge chips made of the molten alloy. The so 
term "molten" is therefore used herein to distinguish an 
alloy usable in the present invention from such a sin- 
tered alloy Oxidation of Ir atoms in the electrodes or dis- 
charge chips caused through repetitions of a spark 
discharge to an air-fuel mixture in a combustion cham- 35 
ber of an internal combustion engine and spark con- 
sumption of the electrodes or discharge chips due to 
evaporation of the oxide in a high -temperature range 
therefore take place more evenly compared with con- 
ventional electrodes or discharge chips, so that uneven 40 
spark consumption which results in an advanced loss of 
Ir atoms can be reduced. It is therefore also possible to 
improve the durability of the spark plug itself. 

The spark plug according to the first embodiment of 
the present invention for the internal combustion engine 45 
will hereinafter be described with reference to FIG. 1. 
Designated at numeral 1 is the spark plug according to 
the first embodiment of the present invention for the 
internal combustion engine. The spark plug 1 is con- 
structed of an insulator 2, a ground electrode 10 and a so 
metal shell 8. The insulator 2 has an axial bore 3, in 
which a resistor 6 is sealed and held in place between 
electrically-conductive glass seals 5,5. A terminal elec- 
trode 4 and a flanged center electrode 7 extend out in 
opposite directions from the axial bore 3 and are fixedly ss 
held at inner parts thereof in the axial bore 3 by the cor- 
responding glass seals 5,5. The metal shell 8 fixedly 
holds therein the insulator 2. A spark gap 1 1 is defined 
between the center electrode 7 and the ground elec- 



trode 10 arranged extending from a ring-shaped end 
surface 9 of the metal shell 8. 

In the spark plug 1 according to the first embodi- 
ment of the present invention, the center electrode 7 is 
made of a molten alloy which is conriposed of 99 to 80 
wt.% of Ir and 1 to 20 wt.% of R. 

In the center electrode 7. Ir and Pt are alloyed in an 
evenly distributed form without localization of Ir or Pt. 
Oxidation of Ir atoms in the center electrode 7 through 
repetitions of a spark discharge to an air-fuel mixture in 
a combustion chamber of an internal combustion 
engine and spark consumption of the center electrode 7 
due to evaporation of the oxide in a high-temperature 
range therefore take place more evenly compared with 
conventional center electrodes, so that uneven spark 
consumption which results in an advanced loss of Ir 
atoms can be reduced. It is therefore also possible to 
improve the durability of the spark plug 1 itself. Need- 
less to say. the molten Ir-Pt alloy which makes up the 
center electrode 7 can also be used for the ground elec- 
trode 10. Incidentally, the center electrode 7 can be fix- 
edly held in the insulator 2 by inserting it in an 
unsirrtered green insulator 2 and then sintering the 
green insulator 2 together with center electrode 7. 

Referring next to FIG. 2. the spark plug 1' according 
to the second embodiment of the present invention for 
the internal combustion engine will be described. In the 
spark plug V. a center electrode 17 is fixedly held in an 
axial bore 3 of an insulator 2. This center electrode 1 7 is 
composed of a composite electrode material which is 
made of a Ni alloy as a covering layer and Cu, a Cu alloy 
or the like sealed inside the covering layer. The center 
electrode 17 terminates in a free end surface 17a of a 
smaller diameter. A discharge chip 12 formed of a mol- 
ten alloy, which is composed of 99 to 80 wt.% of Ir and 
1 to 20 wt.% of Pt, has been joined to the free end sur- 
face 17a. 

When Ignition to an air-fuel mixture is conducted at 
a spark gap 11 as in the above-described first embodi- 
ment of the present invention, oxidation of Ir atoms in 
the discharge chip 12 through repetitions of a spark dis- 
charge to the air-fuel mixture and spark consumption of 
the discharge chip 12 due to evaporation of the oxide in 
a high-temperature range therefore take place more 
evenly compared with conventional discharge chips 
owing to the formation of the discharge chip 12 with the 
molten alloy composed of 99 to 80 wt.% of Ir and 1 to 20 
wt.% of Pt. Uneven spark consumption that only IrOa, 
an oxide of Ir, evaporates in advance is therefore 
reduced, whereby the durability of the spark plug 1' 
itself can be improved. 

The molten Ir-Pt alloy can also be used for a dis- 
charge chip 13 joined to a free end surface 20a of a 
ground electrode 20 and located opposite the discharge 
chip 12. Further, the molten Ir-Pt alloy can also be used 
as an electrode material for both the center electrode 1 7 
and the ground electrode 20. 

To ascertain the advantageous effects of the 
present invention, spark plugs of the same type as the 
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spark plug V according to the second embodiment of 
the present invention were produced by setting the 
diameter of the discharge chip 12 of the center elec- 
trode 17 at 0.7 mm. Increases (mm) in spark gap by 
spark consumption were measured as a function of the 5 
content (wt.%) of Pt by mounting those spark plugs on a 
4-cylinder 2000-cc internal combustion engine and then 
conducting full-power durability tests (40O hours; equiv- 
alent to about 50,000 km driven distance) in which the 
temperatures of center electrodes at their central free 10 
ends were set at 800'*C and 900**C, respectively. As a 
result, It was found that, as is illustrated in FIG. 3, the 
increase in spark gap by spark consumption can be 
reduced at Pt contents of from 1 to 30 wt.%, notably in 
a Pt content range of from 1 to 20 wt.%. The advanta- is 
geous effects of the present invention were therefore 
clearly confirmed. 

In each of the embodiments of the present inven- 
tion, the center electrode or the discharge chip joined to 
the free end surface of the center electrode was made 20 
of the molten alloy composed of 99 to 80 wt.% of Ir and 
1 to 20 wt.% of Pt. The upper limit of the Pt content 
(wt.%) has been set at 20 wt.%, because no substantial 
additional merit can be expected from a Pt content 
(wt-%) higher than 20 wt.% when the effects of such a 25 
high Pt content in reducing the spark consumption of 
the center electrode or the discharge chip and the pro- 
duction cost of a spark plug with a center electrode or 
discharge chip made of such a high-Pt molten alloy are 
taken into parallel consideration. 30 

Claims 

1. A spark plug for an internal combustion engine, 
characterized in that at least one of an insulated 35 
sparking portion and a grounded sparking portion, 
which define a spark gap (11) therebetween, is 
made of a molten alloy composed of (a) 99 to 80 
wt.% of Ir and (b) 1 to 20 wt.% of Pt. 

40 

2. The spark plug of claim 1, wherein said insulated 
sparking portion and said grounded sparking por- 
tion are a center electrode (7;17) and a ground 
electrode (10;20), respectively. 

45 

3. The spark plug of claim 1, wherein said insulated 
sparking portion and said grounded sparking por- 
tion are a discharge chip (1 2) attached to a free end 
(17a) of a center electrode (17) and a discharge 
chip (13) attached to a free end (20a) of a ground so 
electrode (20). respectively. 
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FIG. 1 
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FIG. 3 
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